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LOW—SPEED STATTC LONGITUDINAT. STABITITY CHARACTERTISTICS

OF A CANARD MODEL HAVING A 60° TRIANGULAR
WING AND HORTZONTAY, TATL

By William R. Bates
SUMMARY

An Investigation of the low—speed, power—off stablc longltudinal
stability and control characteristics of a canard model with a tri-
angular wing end horlzontal tall has been conducted in the Langley free—
flight tunnel. With the horizontal teill fixed as & nose elevator, the
model had essentially no allowable center—of-—gravity range when the area
of the tail was 8 percent of the wing area, but 1t had an allowsble
center—of—gravity range of about 10 percent of the wing mean aerodynamic
chord when the area of the tall was 16 percent of the wing area. When
the 1l6-percent horizontal tall was used as a free—floating nose elevator,
the allowable center—of—gravity range was sbout 14 percent of the wing :
meen serodynsmic chord.

INTRODUCTION

v

The NACA has been msking a study of canard conflgurations for high~
speed airplanes. Some of the results of this- study (reference 1) have
indicated that the cansrd arrangsment might have certaln advantages over
conventionel—~type alrplanes. A suggestlon also has been made that a '
canard arrsngement be used with the horizontal tail fixed for super—
sonic £light and free floating for subsonic flight in order to overcoms
the difficultles caused by the change In asrodynemic—center loccatlon
between subsonic and supersonic speeds on briangular—wing alrpiasnes.

In order to obtaln some general information on the statlc longitudinsl
stability of canard eirplanes wlth triangular wlngs, an investigation of
the low-mpeed, power—off stabllity and control characteristics of a
canard model with a 60° trisngulsr wing and horizontal tail has

been mede by means of force tests in the ILangley free—flight tumnel.

UNCLASSIFIED

ZATION



2 GOl : . NACA RM LOH1T

The data have been analyzed’ as applied to two types of ailrplane design:
One in which the tall 1s used simply to overcome the change of stability
which results from the change In serocdynamic—center location between
subsonic and supersonic speed conditlions, and one in which ths hori-—
zontal tell is used for longitudinel control either with the tail linked
directly to the stick as an all-movable control surface or with the tail
floating freely and controlled by a servotab.

SYMBOLS

All forces and moments were referred to the stabllity axes which
are defined In figure 1. The symbols and coefflclents used In the
present paper are:

8 wing area, square feet
[ wing meon serodynamic chord, feet

dynamic pressure, pounds per éq_ua:re foot (%QV?)

v alrspeed, feet per secomd
p alr density, slugs per cublc foot
a angle of attack of fuselage center line, degrees

engle of incidence of the horlizontal tall with respect to the
fuselage center line, degrees

&

angle of atteck of the horlzontal tail, degrees
11t coefficient (Lift/qS)

drag coefficient (Drag/qS)

& & &

pitching-moment coefficlent (Pitching moment /qST)

[*4
ct

horizontal—tail teb deflectlion, degrees
APPARATUS AND TESTS

A three—view drawing of the model used in the presemnt Investigation
is presented In figure 2. The physical characteristics of the model are
pregented in table I. Two horizontal talls having areas of 8 percent
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and 16 percent of the area of the wing were used in the investigation.
The results cbtained with the flat—plate airfoll sections ussd on the
model are approximately theé same as would have been cbtained with a
¢onventional section because the aserodynsmic characterlstics of delta
wings are virtually independent of the airfoll section at low scals.

. This characteristic has been esteblished by comparison of the aero—
dynamic characteristics of some flat—plate delta wings from referemnce 2
with soms Germsn date on delta wings (reference 3) having NACA 0012
airfoil sections and with some unpublished data on’' a 60° delta wing
with an RACA 0015-6h alrfoll section.

Force tests to determine the aerodynamic characteristics of the
model were made on the six—~component balance in the Iangley free—flight
tunnel. These facilitles are described in referemces 4 and 5. All the
‘Porce tests were made at a dynamic pressure of 3.0 pounds per square
foot which corresponds to a Reynolds number of approximately 1|-83, 000
based on the wing mean aerodynsmlic chord.

Tests were made to determine the static longlitudinal stability and
conbrol cheracteristlics of the model wlth the horilzontal bail off, fixed
at various angles of incidence, and floatlng freely at various tab
deflections. -

RESULTS AND DISCUSSION

The longitudinal stabllity and control characterlstice of the model
may be analyzed in two ways, depending on the use that 1s made of the
horlzontal tall. As previously mentloned, the tail may be used simply
to overcome the change of stability which results from the change in
aerodynamic—center location between subsonic and supersonic speed condi-—
tions. In this cass longliudinal control may be obtalned by deflecting
the allerons up or down together to serve as an elevator. The horl—
zontal tail also may be used for longltudinal comtrol by linking it to
the stick as an all-movable surface or by varylng the angle of attack of
a free—floating tail wilth a servobtab. The method of arelysis of the
data 1ls quite different, depending on which of these two uses is made of
the horizontel tall. The discusslion of the longlitudinsl stsbllity and
conbrol characteristics of the model has been divided into two parts,
therefore, to separate the analysls of the data as applied tec airplanes
using the horizontal tail for the two different purposes.

Horlzontal Tall Used to Overcoms Change in Sta.'bility

When the horizontel tall 1s used simply as a device to overcomse
the change in stabillty between subsonlc and supersonic speeds, 1t is
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allowed to float freely at O° tab deflectlon at subsonic speeds and 1s
fixed at supersonic speeds. By using the horizontal tail in thils way,

1t should be possible to have the serodynamic center off-an airplane in
approximately the same position at both subsonic and supersonic speeds. .
The change In aerodynamlic—center locatlion between the tall—Ffree and:
tail—fixed conditions at subsonic speeds for the 8—percent and 16-percent
horizontal talls can be determined from the data presented in figures 3
end 4. Since the slope of the 1ift curve CLor. of a 60° delta wing is

about the same at subsonic and supersonic speeds, these data should give
an approximate determination of the size of the tall required to keep |,
the aerodynamic center in the same position at both subsonic and super—
gonic sgpeeds. It 18 not known, however, Just what would happen to the
stabllity characterlistics In going from subsonic to supersonic speeds
because of the Interference of compressibility effects.

The data presented in figures 3 and 4 indicate  that the aerodynamic
center of the model varlied slightly with 1ift coefficient. TFor the
present gna.lysis s therefore, the aerocdynamlic center of the model was

d
determined from the slope of the pltching-moment curve % at zero
L

1ift. The aerodynamic center of the model having the 8-percent hori—
zontal tall wes located at 0.37¢ wlith the tall free and at 0.23¢ wlth

the tall fixed at 0° Incidence — a change in serodynamic—center location
of 0.14T between the tall—fixed snd tall—free conditions. The aero—
dynamic center of the model heving the l6—percent horizontel tall was
located at 0.45¢ with the tail free and at 0.13¢ with the tail Ffixed

at 0° incldence — a change in aerodynamic-center location of 0.32%
between the tall-flixed and tall—free conditions. NACA tests on a model
gimilar to that used In the present Investlgatlon show that the change

s In aerodynanmic—center locatlon between subsonlc snd supersonic speeds .

. | for the model without the horizontal tail is sbout 0.08¢ or 0.105. For "'\:

this change in aerodynamic—center location, a horizontal tail having an |
area of about 6 percent of the wing aresa would probably be required to /
keep the serodynamic cemter of this design at about the same position

for both subsonic and supersonic speeds. _ L

Horizontal Tail Used for Iongltudinal Control

For the case in which the horizontal tall is used to obtaln longl—
tudinal control by varying the angle of incldence with the tail firxed or
the tab deflectlion with the tall floating freely, the longltudinal
stability and control characteristics of the model with various
horizontal—tall arrsngements are compared on the basis of the center—
of—gravity range for which the model was longitudinally stable and for
which the model could be trimmed to its maximmm 1ift coefficlent without
the horizontal taill. This range of center—of—gravity locations is
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referred to herein as the allowsmble- center—of—gravity range. One limit
was teken as the ferthest rearward center—of—gravity location at whilch
the model was at least neutrally stable over the entire: lift—coefficlent
range with neutral controls. The other 1limlt wes taken as the most
forward center—of—gravlity location at which the model would trim to the
maximm 1ift coefflcient of the model without the horizontal taill

(61, = 1.0). The allowsble center—of—gravity range of the 60° delta— -
wing model need be only about half that of a conventionsal model when i
expressed as a fractlon of the mean aerodynamic chord because the 1engbh
of the mean aerodynamic chord of the delts wing is sbout twice that of a
wing of normel aspect ratlio having the same aresa.

. Fixed tall.— Analysis of filgure 3 shows that, with the 8-percent
horizontal tail fixed, the model had sessentially no sllowable center—of—
gravlity range because the tail is virtually Ineffective for trimming to
high 1ift coefflcients. The most rearward center—of—gravity posltion
Tor which the model 1is neutrelly steble and the most forward center—of—
grevity posltion for which the model cen be trimmed to a 1ift coefficient
of 1.0 are approximstely the same. The date presented in figure 5(a)
ghow that the 8-percent horlzontal tall was lneffective for trimming to
high 1ift coefficlents because the tall was more effective for stablility
than for trim; that 1s, the variation of horizontal—tall ‘pitching moment
is greater -for a change in angle of attack then for a change in tail
incidence.. This results primarily from the fact that the gap in the
horizontal tail increases as the tall Incidence increases so that the
tall 1lift—-curve slope la lower when the incldence is varied than when
the angle of attack is varied. .

With the l6—percent tail fixed, the model had an allowable center—
of—gravity range of sbhout 0.10¢. Anelysls of the pltching-moment date
presented in figure 6 shows that the model was neutrally stable wilth the
center of gravity at approximately 0.10¢-and could not be trimmed to the
maximum 11ft of the model without the horizontel tall (Cr, = 1.0) when
the center of gravlity was forward of the leading edge of the mean aero~—
dynemic chord. There are probably seversl reasons that the 1l6—percent
tail gave & larger allowsble center—of-gravity rangs than the 8-percent
tail. One reason 1s simply its larger size which causes it to produce
larger pltching moments and also causes the losses due to opening the
to be smaller in proportion to the tail slze. The data of -

gure 5(b) also indicate that the Interference effects on the 16—percent
tall at high angles of attack, unlike those on the 8-percent tall, cause
it to produce larger pitching moments with taill incidences of T°, 10°,
and 15° than with 0°.

Free—-float:l_nzg tall.— The longlitudinal stebility cha.ra.c‘beristics of

the model with the l6—percent horizontal tail as a free—floating nose
elevator are presented in figure 7. The effect on the pltching-moment
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coefficient of varying the center of gravity is presented in figure 8.
Analysis of this figure shows that the allowable cenbter—of—gravity range
of the model with the tail floating freely was approximately 0.135.”

The model was neutrally stable with the center of gravity approxi—
mately 0.278 and could be trimmed to the maximum 1ift coefficient of
the model without the horizontal tail (Cp, = 1.0) when the center of
gravity was behind approximstely 0.1u4z. Two factors that might ' account
for the free—floating horizontal tail being more effective than the
fixed tail for trimming to high 1ift coefficients are that the moment
arm of the horizontal tail is longer when the tall is free than when
the tall 1s fixed because of the more rearward location of the neubtral
point for the tail—free configuration and that, for trim conditions, the
(Zap)in ‘the horizontal tail is smaller when the taill is free than when

e tail 1s fixed because of the smaller lncidemnce requlred for trim:
In the tall—free condition.

CONCILUSIORS

The followling conclusions were drawn from an investiga:tion In the
Langley free—flight tunmnel on a canard model to determine static
longitudinel stabillity and .control charscteristica:

1. With the horizontal tall fixed as an all-movable control surface,
the model had essentislly no allowable center—of—gravity range when the
area of the tail was 8 percent of the wing area, but it had an allowable
center—of—gravity range of about 10 percent of the wing mean aerodynamic
chord when the area of the taill was 16 percent of the wing area.

2. When the l6-percent horlzontal taill was used as a free—floating
nose elevator, the alloweble center—of—gravlity range was about 1k percent
of the wing mean aerodynsmic chord.

ILangley Aeronautical Laboratory
National Advisory Ccmmlttee for Aeronautics
Langley Alr Force Base, Va.
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TABLE T.— DIMENSIONAL CHARACTERISTICS OF.THE CANARD MODEL WITH

A TRIANGULAR WING TESTED IN THE LANGLEY FREE—FLIGHT TUNNEL

Wing:
Area, BQ £t o ¢ ¢ ¢ ¢ o ¢ ¢ ¢« o ¢ o o o o ¢ o s o ¢ o & « 2.95
Span, ft « o« ¢ « ¢ o ¢ o s o o 6 o o o 0 e o 6 e s s e s . 2.61
Agpect ratlo ¢« & 4 ¢ ¢ 4 4 ¢ o 6 c o 6 e 6 0 o o a o s o @ 2.31
Moan asrodynemic chord, £t . o ¢ ¢ « ¢ ¢ ¢ ¢ o ¢« o ¢ o « & 1.505
Sweepback of leading edge . e . e 6 & 6 s e o e o o o . 60
Dihedral (relative to mean thickness 1ine), deg « + « » » & o]
Taper retio (tip chord/root chord) . « ¢ o o o ¢ o o « « & o}
Alrfoll sectlon « ¢« ¢« ¢« ¢« 4 ¢« ¢ ¢ ¢« ¢ o o ¢« o ¢« « ¢« o o« Flat plate
Elevon:
Type...-...--........'.....-.-.. Plain
Area (0ne), BG Ft ¢« o « o ¢ ¢ o ¢ o o « e s o ¢ o o o o o s 0.268
Span (at trailling edge of wing, one), Ft « ¢« ¢ « « ¢ « « & l.1h4
Chord (from hinge line to trailing edge), Tt « ¢ ¢ ¢ « o & 0.254
Horizontal tail (16 percent):
Aron, B8 F5 ¢« ¢« ¢ « « ¢ o ¢ o o ¢ o o s ¢ e o s o o o o o o o472
SPam, £t + o o o o o ¢ o 5 s o & s e s e 6 o 8 s 6 e e o 1.045
Aspect Yabio o & ¢ ¢ o 4. 6 o o ¢ 6 o o o 2 e 4 s 8 s s s & 2.31
Sweepback of leading 6386, AS8 + « ¢ « o e o o o o o o « o 60
Tab 8Y68, B8Q £b o « « o o o o o o o o o o« a o s o« o ¢ o o o 0.1062
Ta'bchord,f‘t...........-,.-.-....... 0-1011'2
Airfoll section o« « ¢ =« ¢ « ¢ o« « « ¢« e o o s « « » ¢« » Flat plate
Digtance from center of gravity to tall hinge line, ft . . 1.027
Vertical tail:
Area, 89 L ¢ ¢ ¢ o s 6 ¢ ¢ ¢ v o o 6 2 6 e 6 s 6 6 e e o 0.527
Hodght, Tt « ¢ ¢ o ¢ o o o o s ¢ s 6 ¢ s ¢ ¢ o o o o o o o 0.78
Aspect ratioc . . . & e e e o o o o o & s s o o o 1.155
Sweepback of leading edge, deg e e e e s e o o o e 8 a o . 60
Taper ratlo (tip chord/root chord) .« « ¢ ¢ ¢ « o« o « « o & 0
Rudder area, 8 £5 + o ¢ o o ¢ ¢ o s ¢ o o ¢ o ¢ o o ¢ o o 0.1055
Rudder chord, Tt « ¢ « o o o o o o o« s o o o o o« s « o o o 0.1425
Alrfoll sectlon « « ¢ ¢ o ¢ o o ¢ o o ¢« o o ¢« o« » » ¢« » Flat plate
Teil length (distance from c.g. to center of area), ft . . 0.830
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WIND DIRECTION

WIND DIRECTION
INTO PAPER

Flgure l.— The stability system of axes. Arrows indicate posltive
directlons of moments, forces, and control—surface deflections.
This system of axes l1s defined as an orthogonsl system having
their origin at the center of gravity and in which the Z—-eaxls is
in the plane of aymmetry and perpsndlcular to. the relative wind,
the X—axis is In the plens of symmetry and perpendicular to the
Z~axis, and the Y-exis is perpendicular to the plans of symmstry.
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I6-PERCENT TAIL
8-PERCENT TAl

HINGE LINE —
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Pigure 2.— Three—view drawlng of the model showlng the various
horizontal—~ and vertical—taill configurations. -
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